The identification of Drosophila genes that inhibit proliferation while simultaneously promoting apoptosis -decreasing cell number -or that promote proliferation while simultaneously inhibiting apoptosisincreasing cell number -has revealed new ways that cell birth and death may be coupled to meet the needs of development.
In the fruit fly Drosophila, as in humans, the two eyes develop independently of each other but reach very similar sizes, attesting to the presence of organspecific growth control mechanisms that help to maintain size symmetry during development ( Figure  1 ). Homeotic mutations that transform a fly wing into a haltere, or that in a plant transform a flower stamen to a petal, change not only the identity of a body part but also its size to match the new identity. This implies that the mechanisms that specify organ fate must also specify organ size. Given that cell size is similar in the fly wing and haltere primordia, fatedetermining mechanisms must work largely on cell number, which is determined by a balance between cell birth and cell death during development. Misregulation of cell proliferation and cell death underlies the origin and progression of human diseases, including cancer. Mechanisms that coordinate these cellular processes to achieve organs and organisms of reproducible size are thus of the utmost interest to developmental and medical biologists alike. 
Four Genes That Affect Organ Size
. Cell proliferation and cell death are often thought to be coupled to compensate for each other. This is based on the observation that the experimental induction of oncogenes such as Myc or Ras leads, not only to increased cell proliferation, but also to increased cell death [8] ; and similarly, the experimental induction of cell death elicits extra proliferation, thereby maintaining organ size [9] .
Cell proliferation and cell death are thus coupled so that promotion of one results in promotion of the other ( Figure 2B ). This is contrary to what is seen in sav, wts and hpo mutants; here, increased proliferation accompanies decreased cell death. We infer that these genes normally inhibit proliferation while promoting death ( Figure 2C) . Conversely, overexpression of bantam increases proliferation and reduces cell death, while mutations in bantam have the opposite effect. We infer that bantam normally promotes cell proliferation while suppressing cell death (Figure 2A) . Cell proliferation and cell death may thus be coupled in three different ways, with three different outcomes as illustrated in Figure 2 : A would increase cell number, B would maintain it, while C would reduce it. How might these mechanisms be tied to organ development?
We propose that the three distinct ways of coupling cell proliferation and cell death, as described above, are necessary for development. We base this proposal Similarly, the inhibition of cell death in hpo mutants primarily affects cells that would have been culled by developmentally programmed apoptosis in the pupa. Sculpting of organs via cell death occurs during the final stages of organogenesis in diverse organisms; the interdigital cell death that separates the digits during vertebrate limb development is a prime example. It is the round of apoptosis that sculpts the Drosophila eye that requires hpo. It is therfore the terminal cell proliferation and apoptosis that are affected by sav and hpo (although sav may also affect cell proliferation earlier in development [3] ). We suggest that, when the organ primodium has reached the desired size and differentiation is underway, the activities of genes such as hpo that can inhibit cell proliferation while promoting cell death to remove supernumerary cells are exactly what is needed.
Sequential Use of Different Types of Coupling
The activities of genes such as hpo would be detrimental at the beginning of organogenesis when organ primodia are still growing. Instead, activities such as that encoded by bantam, which can promote proliferation while inhibiting cell death, would be needed to generate enough cells early in development (Figure 2A) . Once the desired cell number is reached, molecules that couple cell proliferation and death by simultaneously promoting both or inhibiting both would help maintain cell number ( Figure 2B ). Certain mammalian E2F homologs have pro-proliferation and pro-apoptotic activities and could play a direct role in coupling the two processes [10, 11] . Titration of extracellular factors has also been proposed to couple proliferation to death [8] ; in this view, proliferation would produce more cells, but death would then ensue as cells compete for limiting survival factors.
Finally, activities that inhibit cell proliferation while promoting cell death may act to finalize organ formation near the end of organogenesis ( Figure 2C) . Genes like hpo would have the necessary properties for this function, as would mammalian p53 homologs. We speculate that organ formation may require all three types of coupling, appearing in sequential order, between cell proliferation and cell death. Genes such as bantam would function as the organ primodia grow, but decline as desired cell number is approached. Genes such as hpo would be silent as organ primodia grow, but act during the final stages of organ formation. The data on expression profiles of these genes are still limited, but they do appear to fit some of these requirements; bantam miRNA, for instance, is abundant in late embryogenesis and early larval stages, but declines in late larval stages [5] . 
